The p o s i t i o n i n g o f the RF a c c e l e r a t i n g stat i o n s a t LEP n e c e s s i t a t e s p r e c i s e phase synchronisation over many kilometers. For LEP Phase I, the RF s t a t i o n s are s i t u a t e d a t four l o c a t i o n s , one e i t h e r s i d e o f t h e d i a m e t r i c a l l y opposite i n t e r a c t i o n p o i n t s numbers 2 and 6 [ I ] .
The master RF freqgency generator is s i t u a t e d i n the main c o n t r o l roan, together w i t h associated equipment, and s i g n a l transmission t o t h e RF s t a t i o n s i s v i a 1.3 pm monanode f i b r e o p t i c l i n k s .
There i s a t o t a l o f s i x f i b r e o p t i c cables f o r RF transmission. Two cables f r o m t h e c o n t r o l room t e r m i n a t e i n surface b u i l d i n g s a t i n t e r a c t i o n p o i n t s 2 and 6 ( w i t h l e n g t h s 5.4 km and 7 -9 km r e s p e c t i v e l y ) .
A
t both o f the surface b u i l d i n g s , two cables descend t o t h e RF s t a t i o n s e i t h e r side of t h e i n t e r a c t i o n p o i n t s (each c & l e approximately 500 m ) .
The cables c o n t a i n e i g h t monomode f i b r e s .
One i s used f o r t h e transmission o f the phase s t a b i l i z e d RF reference and one for transmission o f t h e bunch r e p e t i t i o n frequency.
The others are used f o r r e t u r n i n g s i g n a l s from t h e RF s t a t i o n s t o t h e c o n t r o l rom f o r m o n i t o r i n g purposes. Transmissicn delay v a r ia t i o n s occur due t o f i b r e temperature changes and dispersion.
The two long cables are laic! i n trenchcs together vtith 66 kV power cables, and temperature changes are a r e s u l t o f l o a d v a r i a t i o n s on t h e h i g h t e n s i o n cables as w e l l as c l i m a t i c changes.
The t o t a l estimated delay v a r i a t i o n s for t h e longest l i n k i s about 8 ns.
A feedback system was t h e r e f o r e developed t o compensate f o r f i b r e o p t i c transmission delay v a r i at i o n s and r e s u l t s from a l a b o r a t o r y prototype have beerl presented [21.
The system has now been i n s t a l l e d and t e s t e d a t LEP and i s described i n t h e f o l l o w i n g sect ions.
The LEP a c c e l e r a t i n g s t r u c t u r e c o n s i s t s of coupled accelerating/storage c a v i t y assemblies. They are e x c i t e d a t b o t h t h e i r resonant frequencies, f l and f g , spaced by 90 kHz, twice the bunch r e p e t i t i o n f r equency.
These two frequencies are generated l o c a l l y a t each RF s t a t i o n from the received RF reference and bunch frequency s i g n a l s .
The RF d i s t r i b u t i o n frequency i s i f 1 + f 2 ) / 4 , 170.127 MHz. This freqdency was chosen i n order t h a t t h e 1813' phase ambiguity r e s u l t i n g from t h e feedback system c o u l d be removed by frequency doubling the received reference t o 352.254 MHz.
Phase s t a b i l i z a t i o n system
Feedback phase s t a b i l i z a t i o n o f a f i b r e o p t i c l i n k r e q u i r e s r e t u r n i n g a f r a c t i o n o f t.he received l i g h t back t o t h e t r a n s m i t t i n g end o f t h e l i n k .
I t was (3H26@-0/89/0000-1960%01.00@1989 IEEE a t f i r s t envisaged t o use a second f i b r e f o r t h e r e t u r n s i g n a l .
However, t e s t s o f a 1 km l e n g t h o f cable cont a i n i n g e i g h t f i b r e s revealed d i f f e r e n c e s o f up t o 3% i n the delay/temperature c h a r a c t e r i s t i c s o f t h e f i b r e s over a temperature range o f I P C t o 3PC.
Consequentl y , t o ensure p r e c i s e t r a c k i n g o f t h e forward and r e t u r n paths, b i d i r e c t i o n a l f i b r e transmission has been employed.
The operation o f the system i s explained w i t h reference t o f i g u r e 1. The reference RF s i g n a l passes through a voltage c o n t r o l l e d phase s h i f t e r and then modulates t h e l a s e r t r a n s m i t t e r .
The l a s e r output i s launched ove? t h e l i n k v i a an o p t i c a l coupler.
A t t h e r e c e i v i n g end, p a r t o f the s i g n a l i s demodulated and p a r t i s r e f l e c t e d back down the l i n e t o a r e c e i v e r a t the t r a n s m i t t i n g end.
The r e t u r n e d RF undergoes t w i c e the l i n k delay changes which need c o r r e c t i o n and, i n c o a x i a l cable compensation systems, t h e returned RF i s routed through t h e phase s h i f t e r b e f o r e phase comparison w i t h the reference RF.
I n the present scheme, t h i s problem i s circumvented w i t h t h e use o f audio processing a t an i n t e r m e d i a t e frequency ( I F ) w i t h i n the loop, r e s u l t i n g i n much s i m p l i f i e d RF c i rc u i t r y .
The use o f an audio I F has the a d
A l o c a l o s c i l l a t o r (LO), s i n ( w t -L t ) , mixes the reference RF, t h e transm i t t e d RF and the r e t u r n RF down t o the IF, $. V i a a process o f audio mixing and f i l t e r i n g , t h e s i g n a l
sin(Gt -8) i s produced. I t i s t h i s s i g n a l which i s phase compared t o the r e t u r n I F s i g n a l s i n ( $ t + 8 + rp) so t h a t t h e closed loop maintains 8 = -@/2 + nn ( n i nt e g e r ) and keeps t h e r e c e i v e d RF phase equal t o t h a t o f t h e reference.
I t should be noted t h a t t h i s method shares a drawback o f other feedback phase s t a b i l i z a t i o n
schemes, namely: a 1803 ambiguity i n received phase.
I n f a c t , the complete system i s more complicated than has been o u t l i n e d above.
The a d d i t i o n a l c i r c u i t r y i s needed because o f leakage Jf the l a s e r output d i r e c t l y i n t o t h e r e t u r n r e c e i v e r v i a the coupl e r a t the t r a n s m i t t i n g end.
This d i r e c t component i s removed from t h e r e t u r n e d RF s i g n a l a t the output o f r e c e i v e r 1 using a system o f RF switching, or chopping ( f i g u r e 2 ) .
D i r e c t l y p r i o r t o transmission, t h e RF
s i g n a l i s chopped w i t h a duty c y c l e < 50 X a t a f r equency which i s an odd harmonic of the r e c i p r o c a l o f t w i c e the r o u n d -t r i p f i b r e delay.
The l a s e r i s then uninodulated when the modulated l i g h t r e t u r n s and t h e unwanted RF i s removed from the output o f the r e t u r n r e c e i v e r w i t h a second chopper i n antiphase w i t h t h e f i r s t .
A t the r e c e i v i n g end, the RF sidebands are removed by means o f a phaselocked loop i n c o r p o r a t i n g a
Figure 2 Feedback system w i t h RF chopping voltage c o n t r o l l e d quartz o s c i l l a t o r . The loop also serves t o improve t h e s i g n a l t o n o i s e r a t i o .

An a d d i t i o n a l problem was a r e s u l t of t h e modulated l i g h t r e f l e c t e d from t h e m i r r o r e n t e r i n g t h e l a s e r which, d u r i n g t h a t time, i s unmodulated.
It was observed t h a t t h e r e t u r n i n g modulated l i g h t remodulates
t h e l a s e r output, g i v i n g r i s e t o unwanted RF b u r s t s between t h e r e q u i r e d b u r s t s a t t h e output o f r e c e i v e r 2.
As the l e v e l o f remodulation i s n o t great, t h e problem c o u l d be simply solved by means o f an o p t i c a l a t t e n u a t o r a t the l a s e r output.
A 4 dB attenuator i s r e q u i r e d f o r the longest LEP l i n k .
Performance
The s i x feedback systems f o r LEP RF reference d i s t r i b u t i o n are now i n s t a l l e d and o p e r a t i o n a l . The l a s e r s employed a r e SaInAsP/EnP g i v i n g an output o f -1 dBm i n t o t h e p i g t a i l . For each phase s h i f t e r , the c o n t r o l voltage i s connected t o an analogue t o d i g i t a l converter so t h a t t h e closed loop phase s h i f t can be monitored by comput e r .
The complete RF reference transmission system i n s t a l l e d i n t h e surface b u i l d i n g a t p o i n t 2 i s shown i n f i g u r e 3. I n order t o v e r i f y performance o f the system i n the f i e l d , an a d d i t i o n a l system has been i n s t a l l e d over t h e longest link, r e t u r n i n g t h e reference from the surface b u i l d i n g a t p o i n t 6 t o t h e c o n t r o l room. Since November 1988 t h e phase o f t h i s s i g n a l has been checked against t h e c o n t r o l room reference, and t h e p o s i t i o n s o f the feedback phase s h i f t e r s monitored.
The phase s h i f t e r s have both moved over a range o f 12CP ( a t 176 MHz) and t h e returned phase v a r i a t i o n s were 2 . p . I f t h i s i s taken as 1.20 per l i n k , then about h a l f the e r r o r i s inherent i n t h e feedback system and the r e s t due t o temperature changes i n the e l e c t r o n i c s .
C l e a r l y we w i l l need t o w a i t for a few more months t o o b t a i n fuller open l o o p phase v a r i a t i o n s . However i t i s n o t expected t h a t these w i l l s i g n i f i c a n t l y increase the observed closed l o o p e r r o r . When LEP i s o p e r a t i o n a l i t w i l l be important t o monitor t h e reference transmission system such t h a t f a u l t s can be q u i c k l y diagnosed, and some means o f checking t h e phases o f t h e received reference a t t h e RF s t a t i o n s i s required.
M i r r o r i n g each l i n k with another phase s t a b i l i z a t i o n system i n t h e opposite d i r e c t i o n would be b o t h complicated and c o s t l y and i s n o t envisaged.
Instead, t h e received RF s i g n a l from each s t a t i o n w i l l be r e t u r n e d over a n o n -s t a b i l i z e d f i b r e for phase comparison w i t h t h e c o n t r o l room reference.
The measured phase v a r i a t i o n s w i l l be approximately opposite t o t h e v a r i a t i o n s o f t h e phase s h i f t e r s f o r t h e r e l e v a n t s t a b i l i z e d l i n k s .
Although t h i s i s not a p r e c i s e check, an i n d i c a t i o n o f s e r i o u s f a u l t s over t h e transmission system w i l l be obtained.
The c o a x i a l s w i t c h i n g involved, t h e phase s h i f t e r m o n i t o r i n g and network analyser c o n t r o l w i l l a l l be automatic.
